Abstract: SPARC/osteonectin/BM-40 is a matricellular protein that is thought to be involved in angiogenesis and endothelial barrier function. Previously, we have detected high levels of SPARC expression in endothelial cells (ECs) adjacent to carcinomas of kidney and tongue. Although SPARC-derived peptide showed an angiogenic effect, intact SPARC itself inhibited the mitogenic activity of vascular endothelial growth factor (VEGF) for ECs by the inhibiting phosphorylation of flt-1 (VEGF receptor 1) and subsequent ERK activation. Thus, the role of SPARC in tumor angiogenesis, stimulation or inhibition, is still unclear. To clarify the role of SPARC in tumor growth and progression, we determined the effect of VEGF on the expression of SPARC in human microvascular EC line, HMEC-1, and human umbilical vein ECs. VEGF increased the levels of SPARC protein and steady-state levels of SPARC mRNA in serum-starved HMEC-1 cells. Inhibitors (SB202190 and SB203580) of p38, a mitogen-activated protein (MAP) kinase, attenuated VEGF-stimulated SPARC production in ECs. Since intact SPARC inhibits phosphorylation ERK MAP kinase in VEGF signaling, it was suggested that SPARC plays a dual role in the VEGF functions, tumor angiogenesis, and extravasation of tumors mediated by the increased permeability of endothelial barrier function.
(BSA), from Acros Organics (NJ); peroxidase-conjugated swine anti-rabbit IgG (1:1000), from Dako (Copenhagen, Denmark); VEGF, from R&D System (Abingdon, UK); immobilon-P (PVDF) membrane, from Millipore (Bedford, MA); Instra-Pure RNA purification kit, from Eurogentic (Liège, Belgium); osteonectin ELISA kit, from Takara (Tokyo, Japan); the enhanced chemiluminescence (ECL) assay kit, from Amersham (Buckinghamshire, UK); reverse transcription-polymerase chain reaction (RT-PCR) kit, from Perkin-Elmer (Foster, CA). SPARC polyclonal antibody was a gift from Dr. Larry Fisher (NIDR, NIH, Bethesda, MD).
Cell and cell culture. HMEC-1 cell line (SV-40 T antigen-transformed human microvascular ECs (20) ) was provided by Dr. W. Ades (Biological Products Branch, Centers for Disease Control, Atlanta, GA). The cells were maintained in MCDB131 supplemented with 10% FBS and 1 µg/ml hydrocortisone, and routinely subcultured by trypsinization. Human umbilical vein ECs (HUVECs) were prepared according to the guide line of the University of Liège (Belgium) and to the method described previously (21, 22) . Briefly, they were isolated using 0.1% collagenase and cultured on 0.2% gelatin-coated dishes in RPMI 1640 supplemented with 10 mM Hepes, 5% heat-decomplemented pooled human serum, 5% FBS, 20 µg/ml ECGF, and 50 µg/ml heparin. We define these culture conditions as "complete medium." HUVECs were always used at the second passage. They showed typical cobblestone morphology when grown to confluence, and were tested to be positive for von Wille-brand factor antigen as an EC-specific marker.
Assay for SPARC induction by VEGF. HUVECs were seeded in gelatin-coated 24-well plates at a density of 1 × 10 5 cells/well in the complete medium, cultured for 2 days at 37°C in a humidified atmosphere until confluent, washed twice with serum-free MCDB131, and then preincubated in MCDB131 containing 0.1% BSA for 6 h. VEGF was then introduced into some of the wells and incubation was continued for 24 h. The conditioned medium (CM) was analysed by ELISA. HMEC-1 cells were seeded into 24-well plates at a density of 2 × 10 5 cells/well and cultured overnight in MCDB131 supplemented with 0.5% FBS. Hydrocortisone was excluded. The cells were washed twice with serum-free MCDB131 and then preincubated in the serum-free medium for 24 h. They were then cultured in MCDB131 supplemented with VEGF for 48 h. The CM was reversed for Western blot analysis.
Preparation of CM for Western blotting.
Proteins in CM were precipitated by adding 3 volumes of precooled ethanol for each volume of CM, and the mixture was stored at -20°C for 16-20 h. Proteins were separated by centrifuging at 4°C and 15,000g for 30 min. The dry precipitate was dissolved in phosphate-buffered saline or mixed directly with sodium dodecyl sulphate (SDS)-sample buffer (0.5 mM Tris-HCl (pH 6.8) containing 1% SDS, 10% 2-mercapto-ethanol, and 0.2% glycerol). Cultures were normalized for Western blotting based on DNA content (1.5 µg-DNA/lane; approximately 10 µg-protein/lane). DNA content was measured using bisbenzimide, and protein concentration was determined with a Bio-Rad protein assay kit using BSA as the standard.
Western blotting. Western blotting was carried out according to the method reported previously (15, 23, 24) . Briefly, the proteins were separated by 1% SDS-contained 10% polyacrylamide gel electrophoresis (SDS-PAGE). The separated proteins were transferred onto an Immobilon-P (PVDF) membrane at a constant voltage of 50 volts for 2 h in a Bio-Rad transblot apparatus. Anti-SPARC polyclonal antibodies (1:2000) were used as a primary antibody; and peroxidase-conjugated swine anti-rabbit IgG (1:1000) as the secondary antibody. SPARC bands were visualized by use of an ECL assay kit.
ELISA. Collected CM were directly assayed with the osteonectin ELISA kit. Assays were done according to the manufacturer's protocol with some modifications. This assay kit gives linear results for concentrations from 0-10 ng/ml, and has a sensitivity of 0.3 ng/ml.
RT-PCR.
ECs were serum-starved for 48 h. Some cells were cultured with 25 ng/ml of VEGF for 18 h in the serum-free medium, whereas others were cultured without VEGF. Total RNA was extracted by use of the InstraPure RNA purification kit. Total RNA (10 ng) was then reverse-transcribed and amplified with the primers specific for SPARC by using an RT-PCR kit. The PCR products were separated by 2% agarose gel and visualized by staining with ethidium bromide. Sequence of primers used in this study were as follows: for SPARC (final product of 936 base pairs (bp)), 5'-CTG CAG ACC ATG AGG GCC TGG ATC-3' (upstream) and 5'-CTG CAG GGA GTG GAT TTA GAT CAC AAG-3' (downstream); for 28S rRNA (final product of 212 bp), 5'-GTT CAC CCA CTA ATA GGG AAC GTG A-3' (upstream) and 5'-GGA TTC TGA CTT AGA GGC GTT CAG T-3' (downstream). Underlined sequence indicate additional oligonucleotides for the PstI recognition site. The product of PCR obtained with the above primers was sequenced to verify that the PCR with these primers specifically amplified the respective genes. The 28S rRNA primer set was a gift from Dr. Charles A. Lambert (Lab. Connect. Tissues Biol., Univ. of Liège, Belgium). PCR cycles were carried out as follows: 94°C for 30 
RESULTS
Effect of VEGF on production of SPARC protein and mRNA. We examined the dose-dependency of SPARC expression elicited by VEGF. HUVECs were preincubated in serum-deprived medium for 24 h and then incubated for 48 h with VEGF in the serum-free medium. The production of SPARC protein was dosedependently stimulated by VEGF and reached a plateau at 5 ng/ml (Fig. 1) , whereas the cell number was not affected by addition of VEGF under such a serum-free condition (data not shown). Quite similar effects were obtained when HMEC-1 cells were treated with VEGF ( Fig. 2A) . When HMEC-1 cells were serum-starved for 48 h and then treated with 25 ng/ml of VEGF for 18 h, the steady-state level of SPARC mRNA expression was increased (Fig. 2B) . These results suggest that VEGF acts on SPARC production at the pre-translational stage, such as by increasing mRNA stability and/or the level of transcription. Due to the limitations on cell activity in serum-free medium, we could maintain HMEC-1 cells in the serum-starved condition for only a maximum of 72 h. Although we detected faint levels of accumulated SPARC protein by Western blotting during the 48-h incubation under nonstimulus conditions after the 24-h serum starvation, there was no detectable SPARC mRNA expression when the cells were subjected to the 18-h incubation without VEGF (as the control for VEGF treatment for 18 h) after 48 h of serum starvation (data not shown). Due to a relatively long half-life of SPARC mRNA (25), we might have detected faint levels of SPARC protein after serum-starvation. Alternatively, this weak protein expression may indicate that SPARC was able to be slowly released from the intracellular pool after serum-starvation (26).
FIG. 2. Induction of SPARC production from HMEC-1 cells by VEGF. (A) Western blot analysis. HMEC-1 cells were serum-starved for 24 h and then treated with 0-25 ng/ml of VEGF for 48 h. The CM was concentrated and analyzed by Western blotting. Results were shown by densitometric analysis. Inset, original blot. (B) RT-PCR. HMEC-1 cells were serum-starved for 48 h and then treated with (+) or without (-) 25 ng/ml of VEGF for 18 h. Total RNA (10 ng) was extracted, reverse-transcribed, and amplified with specific primers. Representative results were shown from at least two independent experiments.

FIG. 3. Inhibition of VEGF-induced SPARC production by MAP-kinase-specific inhibitors analyzed by Western blotting. HMEC-1 cells were serum-starved for 24 h and then cultured for 48 h and without the MAP-kinase inhibitors SB202190 or SB203580 (for p38), and PD098059 (for MEK). (A) Western blot; (B) densitometry of the blot. Representative results were shown from at least two independent experiments.
FIG. 4.Two possible roles of SPARC in VEGF signaling in ECs with respect to tumor progression. *Reference numbers; §Data described in this study.
VEGF induces SPARC production through the activation of p38. Two MAP kinases, ERK1/2 and p38, have previously been shown to be involved in the VEGF signal transduction pathway in vascular ECs (27, 28) . To test the contribution of such MAP kinases to SPARC induction by VEGF, we examined the effect of PD098059 (an inhibitor of MEK, which is an activator of ERK1/2) and SB202190 (an inhibitor of p38) on the induction. SB202190 suppressed the VEGF-induced production of SPARC protein (Figs. 3A and 3B ), while it did not suppress the growth of ECs (Fig. 3B) . On the other hand, PD098059 less effective for the production of SPARC. SB203580, which is another type of inhibitor of p38 MAP kinase, suppressed SPARC production in a manner similar to that of SB202190 and it did not suppress the growth of ECs. These data suggest that p38 MAP kinase plays a major role in the VEGF signal transduction pathway, which finally stimulates SPARC production.
DISCUSSION
High levels of SPARC expression have been observed in several tumor cells (9) (10) (11) (12) (13) (14) (15) . Down-regulation of SPARC production by transfection with antisense oligonucleotides for SPARC mRNA abolished tumorigenicity of human melanoma cells in nude mice (29) . Contrary to these reports, over-expression of SPARC by transfection of its expression vector in the ovarian cancer cell line also diminished their tumorigenicity (30) . Thus, it is controversial whether SPARC supports the malignant phenotype of tumour cells or vice versa. We have found that SPARC was frequently observed in renal cell carcinomas (18) , which are well known to be hypervascular neoplasm over-expressing VEGF. Especially, ECs adjacent to such tumors expressed SPARC. Despite the facts that SPARC-derived peptide induces angiogenesis, SPARC has been reported to inhibit the VEGF mitogenic effect by inhibiting intracellular signaling. To resolve such a discrepancy, we examined the effect of VEGF on SPARC production in vascular ECs. Our experimental results showed for the first time that VEGF dosedependently stimulated SPARC production by both HMEC-1 cells and HUVECs.
KDR/Fllk-1 and Filt-1 are receptor tyrosine kinases for VEGF. Kupprion et al. (19) recently showed that SPARC directly bound to VEGF and repressed the mitogenic activity of this growth factor by inhibiting Flt-1 receptor phosphorylation but found that KDR was not affected by SPARC. ERK1/2 phosphorylation was also inhibited by exogenous SPARC, suggesting that ERK1/2 contributes to the modulation of VEGF function downstream of Fit-1 receptor signal. Furthermore, SU5416, an inhibitor specific for KDR/Flk-1 tyrosine kinase has shown to reduce vascular density accompanied by the inhibition of tumor invasion and SPARC expression in glioma (31) . As Rousseau et al. (27) have demonstrated, although VEGF was able to activate two MAP kinases, p38 and ERK, up-regulation of chemotaxis of vascular ECs by VEGF was mediated by p38 but not by ERK MAP kinase, which findings were confirmed by Xiong et al. (32) . The com-bined results suggest that SPARC is a key regulator for the cellular activity of ECs leading to proliferation and providing barrier function, as summarized in Fig. 3 .
Peptide (K)GHK, the fragment produced when SPARC is digested by plasmin or trypsin, is known to promote angiogenesis in vitro and in vivo (33) . Intact SPARC did not show angiogenic activity in vivo, but induced production of plasminogen activator inhibitor-1 (2, 34) and blocked migration of ECs stimulated by basic fibroblast growth factor (bFGF) (35) . These effects contribute angiogenesis. Accordingly, we proposed two possible roles of SPARC in VEGF signaling in ECs: (i) SPARC in its intact form inhibits VEGF-induced proliferation but stimulates increased permeability of the EC barrier for extravasation of tumor cells, (ii) SPARC is immediately degraded after its secretion, generating the (K)GHK peptide, which is associated with tumor growth through the induction of tumor angiogenesis (Fig. 4) . This idea is supported by the report from Ledda et al, showing that multiple bands of SPARC, resulting from deglycosilation and proteolysis, were detected on Western blots of human melanoma cells (11) . We have also found such bands in the case of mouse metastatic B16 melanoma cells (15) . Thus, under pathological conditions, an imbalance between SPARC and proteinase levels in favour of the latter might cause an increased amount of SPARC-derived peptide and thus contribute to angiogenesis. In fact, trypsin has been frequently detected in malignant cancers (23, 36) and ECs (37) . Variation in the balance between the amount of SPARC production and quantity of (K)GHK peptide formation by its degradation may thus be responsible for the apparent discrepancy of SPARC effects on tumor angiogenesis.
